Objectives Although carotid artery structural variations have been detected by ultrasound, their clinical significance is not fully understood. The objective of this study was to determine whether the angle between the common carotid artery (CCA) and the internal carotid artery (ICA), designated angle a, an ultrasound-detectable carotid artery structural variation, is related to carotid artery intima-media thickness (IMT), a surrogate marker for carotid atherosclerosis.
Introduction
Intima-media thickness (IMT) is an important surrogate marker for atherosclerosis-based stroke and cardiovascular disease [1, 2] . Many factors can increase IMT, including conventional vascular risk factors such as hypercholesterolemia and hypertension [3, 4] . However, increased IMT cannot be explained by conventional vascular risk factors alone. Limited evidence suggests that local hemodynamic factors associated with the structural variations are involved in atheroma pathogenesis [5] [6] [7] . Thus, vessel structural variations should be regarded as risk factors for increased IMT [8] . In fact, Sitzer et al. [9] reported that angle variations of internal carotid artery (ICA) origin, detected by ultrasound, may account for some of the unexplained predisposition towards increased IMT and plaque formation in healthy subjects. However, the clinical significance of these structural variations has not been fully elucidated.
Diagnostic imaging, including magnetic resonance imaging (MRI), computed tomography (CT), angiography, and ultrasound, has shown that carotid vessels exhibit a variety of anatomic configurations [10] [11] [12] . Although structural variations have been identified by MRI, CT, and angiography, carotid artery ultrasound detection may be more clinically useful because it is portable and relatively inexpensive [13, 14] . In the present study, we measured the angle between the common carotid artery (CCA) and the ICA in Japanese subjects with atherosclerotic risk factors and/or atherosclerotic disease. We determined whether this angle is related to carotid artery IMT, a surrogate marker for carotid atherosclerosis.
Materials and methods

Study subjects
We retrieved data for 176 subjects (130 men) who underwent successful routine carotid artery ultrasound examinations and blood tests at Kouseiren Hospital in Kagoshima City, Japan from August 2007 to April 2009. A total of 206 subjects underwent carotid artery ultrasound during this time period; however, 30 subjects lacked blood tests because they were less than 35 years. These subjects were excluded from the study. We analyzed the previously collected data including the ultrasound and blood tests. This study, including the waiver of informed consent, was approved by our institutional review board, the Ethics Committee for Clinical Examination at Kouseiren Hospital.
The subjects' clinical status and lifestyle were classified as follows. Each subject was classified as a current smoker, former smoker, or never smoker based on self-reporting. Subjects with hypertension were defined as those with [140/90 mmHg blood pressure on the day of the ultrasound examinations or those receiving antihypertensive medications. Subjects with dyslipidemia were defined as those receiving antidyslipidemic medications, including statins, or those with the following serum values: lowdensity lipoprotein cholesterol (LDL-C) [140 mg/dL, high-density lipoprotein cholesterol \40 mg/dL, or triglycerides [150 mg/dL. LDL-C was calculated using the Friedewald equation in patients with triglycerides \400 mg/dL [15] . Subjects with diabetes mellitus were defined as those receiving antidiabetic medications or those with a fasting blood glucose [126 mg/dL or an NGSPstandardized glycated hemoglobin (HbA1c) [6.5 %.
Carotid artery ultrasound
The standard two-dimensional and Doppler ultrasound was routinely performed using a commercially available machine (SSA-700A Aplio 50; Toshiba Co. Ltd., Tokyo, Japan) with a linear (8.5 MHz) or micro-convex (5.0 MHz) probe [16] . The sonography specialist visualized the region from the proximal CCA to the distal ICA into the carotid duct. We measured the angle between the CCA and ICA in 176 subjects from the previously collected data. Specifically, we measured the angle according to the center lines of the CCA and ICA using an image in plane with the two arteries, obtained during the examination (Fig. 1a) . This angle was designated angle a. We measured the IMT at the near wall of the proximal ICA (Fig. 1a) and at the middle position of the CCA, meaning the CCA position 2.0 cm proximal to the bifurcation (Fig. 1b) . These two IMT determinations were designated the ICA-IMT and the CCA-IMT, respectively. The CCA inner diameter, another potential vessel structural variation, was measured 2.0 cm proximal to the bifurcation during the contraction phase using tomography (Fig. 1b) [17] . A blinded, Japanese government-qualified sonographer evaluated the carotid artery ultrasound images.
Statistical analysis
Values are shown as mean ± standard deviation. A twosided paired or unpaired Student's t test was used, as appropriate, to compare the values between groups, and the Pearson's product-moment correlation coefficient (r value) was used to evaluate the correlation between values. A Chi-square test was performed on the categorical variables. For the smoking status, analysis was performed using one-way analysis of variance (ANOVA). Multivariate logistic regression analyses were conducted to evaluate age, BMI, angle a, LDL-C, smoking status, hypertension, and diabetes as explanatory variables for ICA-IMT. StatMate III (ATMS Co., Tokyo, Japan) or Stata 8.1 (Stata Co., College Station, TX) was used, as appropriate, for the statistical analyses. P \ 0.05 was considered statistically significant. Table 1 presents the characteristics of the subjects (130 men and 46 women) enrolled in the present study. The mean age was 61.8 ± 10.3 years. All subjects were C35 years old. Based on the clinical history, all subjects had atherosclerotic risk factors and/or atherosclerotic (Table 1) . Approximately three-quarters of the subjects were never smokers or former smokers.
Results
Subject characteristics
Assessment of carotid artery structural variations
We measured the angle between the CCA and ICA ( Fig. 1 ) in 176 subjects. The results showed significant laterality. Angle a of the right carotid artery was smaller than the left [right 22.3 ± 12.7 (range 5.1-70.0) degrees vs. left 26.3 ± 14.7 (1.6-79.1) degrees, P \ 0.01 using a paired Student's t test]. However, the CCA inner diameter did not differ significantly between the right and left carotid artery (right 3.83 ± 0.61 mm/m 2 vs. left 3.77 ± 0.56 mm/m 2 , P = 0.27 using a paired Student's t test). Angle a was significantly correlated with age in both the right and left carotid artery (Fig. 2) . However, in both the right and left carotid arteries, the correlation between age and CCA diameter/body surface area (BSA)was greater than the correlation between age and angle a. As shown in Table 2 , the ICA-IMT around the near wall of both the right and left ICA significantly correlated with angle a. Furthermore, angle a was significantly correlated with the CCA diameter on both sides (right r = 0.244, P \ 0.01; left r = 0.233, Values are shown as mean ± standard deviation or number (%)
BMI body mass index, BP blood pressure, BSA body surface area, CAD coronary artery disease, PAD peripheral artery disease. Smoking condition numbers based on self-reported data and are defined as follows: Never never smoked a cigarette, Former previously smoked, Current smoking at the time of the study P \ 0.01). There were no significant angle a differences in subjects with or without hypertension, dyslipidemia, diabetes mellitus, coronary artery disease, peripheral artery disease, or stroke (Supplementary Table 1) . On the right, the CCA diameter/BSA values according to smoking status were not significant: never 3.9 ± 0.5; former 3.8 ± 0.8; and current 3.8 ± 0.6 mm/m 2 (one-way ANOVA). Similarly, on the left, the CCA diameter/BSA values were not significant: never, 3.8 ± 0.5; former, 3.8 ± 0.6; and current, 3.8 ± 0.6 mm/m 2 (one-way ANOVA). The correlation between angle a and ICA-IMT clearly indicated the existence of the two groups, with a differentiating value of 0.5 mm ICA-IMT (Fig. 3) . This number is similar to the previously reported mean value in obese Japanese subjects [18] . Therefore, we recalculated the correlation values with the subjects classified into two groups: ICA-IMT \ 0.5 mm and ICA-IMT C 0.5 mm. The correlation between angle a and ICA-IMT was stronger for the ICA-IMT C 0.5 mm group. Furthermore, ICA-IMT C 0.5 mm subjects had significantly higher total cholesterol and LDL-C values than those in the ICA-IMT \ 0.5 mm group (Table 3) . Moreover, multivariate logistic regression analysis including age, BMI, angle a, LDL-C, smoking status, hypertension, and diabetes revealed that angle a and serum LDL-C were independent explanatory variables for ICA-IMT (Table 4) .
Discussion
In the present study, we used carotid artery ultrasound to measure the angle between the CCA and ICA, angle a, in both the right and left carotid arteries. The angle was significantly correlated with ICA-IMT, a surrogate marker for carotid atherosclerosis. This result was consistent with a report on healthy subjects by Sitzer et al. [9] . Moreover, we found that the correlation between angle a and ICA-IMT was stronger in subjects with an IMT C 0. regression analysis revealed that, in addition to serum LDL-C, angle a was an independent explanatory variable for ICA-IMT. The angle a structural variation has been examined previously with respect to its clinical significance. In a study by Sitzer et al. [9] , it was referred to as the angle of ICA origin and correlated with ICA-IMT in healthy subjects. However, in that study, the angle was measured using a cross-sectional-axis view from the carotid artery ultrasound. In this study, we used a longitudinal-axis view to measure the angle from previously collected data. The longitudinal-axis view is easier than the cross-sectionalaxis view, and the value could be measured from the previously collected data; therefore, we selected longitudinal- axis view measurements for this study. Furthermore, because of the advantage, the longitudinal-axis view may be preferred when performing clinical examinations on a large number of subjects.
The correlation between angle a and age was weaker than the correlation between CCA diameter, another vessel structural variation, and age (Fig. 2) . Carotid vessel structural variations are determined by both congenital and lifestyle-related acquired factors [19] [20] [21] [22] [23] [24] . In a twin study, vessel configuration was more similar between monozygotic than dizygotic twins [25] , indicating that vessel structural variation may be influenced by congenital factors. However, smoking, an acquired factor, can induce vessel remodeling, and therefore, may increase CCA diameter [24] . As angle a showed a significant but weak correlation with age, angle a structural variations may depend more on congenital factors than acquired ones.
Angle a exhibited a greater correlation with ICA-IMT than CCA-IMT, suggesting that angle a's influence is more pronounced downstream of the blood flow. Vessel structural variations can affect blood flow hemodynamics in a focal manner [5, 6] . Angle a may induce downstream turbulent flow, depending on the size of the angle. Theoretically, a greater angle may increase the risk of increased IMT due to slower and possibly turbulent blood flow. Although further experiments measuring actual blood flow rates are needed to confirm this theory, the results of this study may support it (Table 2; Fig. 3 ).
Our observation that there was a stronger correlation between angle a and ICA-IMT in ICA-IMT C 0.5 mm subjects suggests that IMT size may be influenced by other factors such as risk factors for atherosclerosis (Fig. 3) . We did not observe this relationship with the CCA diameter. When we examined clinical and serum biochemistry differences between the subjects with those with \0.5 mm ICA-IMT and those with C0.5 mm ICA-IMT, subjects with C0.5 mm ICA-IMT had higher total cholesterol and LDL-C (Table 3) . Additionally, both LDL-C and angle a were independent explanatory factors based on multivariate logistic regression analyses. This suggests that abnormal cholesterol metabolism may be related to IMT, regardless of angle a's size. Interestingly, the percentage of subjects with dyslipidemia was higher in those with an ICA-IMT \ 0.5 mm than in those with an ICA-IMT C 0.5 mm. This finding suggests that antidyslipidemic drugs were effective in lowering total cholesterol and LDL-C [26] , as well as limiting IMT. Abnormal cholesterol metabolism is a conventional risk factor for increased IMT in many observational studies [27] [28] [29] . In addition, it should be noted that the regression analysis also revealed that hypertension combined with increased left ICA-IMT produced a significant odds ratio value (odds ratio 0.27, P = 0.03). However, the odds ratio is lower than 1.0, and the reason for this result is not clear at present.
The present study had two main limitations. First, although angle a is shown to be an IMT-related factor, our study was cross-sectional. The correlations we noted should be examined further in a longitudinal and observational study over a prolonged period. An additional case-control study involving, for example, individuals with a brain Values are shown as mean ± standard deviation. Multivariate logistic regression analyses including age, BMI, angle a, LDL-C, smoking status, hypertension, and diabetes as explanatory variables were performed. N = 176 subjects. The subjects were divided into three groups containing one-third of the subjects each: Group 0, (the reference group), Group 1, and Group 2, based on increasing angle a or LDL-C values. Odds ratios were calculated by defining subjects with an ICA-IMT \ 0.5 mm as 0 and subjects with an ICA-IMT C 0.5 mm as 1. The trend of association was assessed using a logistic regression model assigning consecutive integers to the angle a or LDL-C values. Additionally, hypertension in left ICA-IMT showed a significant odds ratio value (odds ratio 0.27, CI 0.08-0.87, P = 0.028) LDL-C low-density lipoprotein cholesterol, CI 95 % confidence interval Environ Health Prev Med (2015) 20:216-223 221 infarction may also be appropriate. Second, the angle a correlations were not confirmed for atherosclerosis surrogate markers other than ICA-IMT. Accordingly, future studies examining the correlation between angle a and other variables, such as pulse wave velocity (a measure of arterial wall stiffness), when investigating the vessel properties involved in atherosclerosis would be valuable [30, 31] .
In conclusion, angle a was effectively measured using longitudinal-axis view carotid artery ultrasound from the data collected. We found that the vessel structure variation, angle a, is related to ICA-IMT in Japanese subjects with atherosclerotic risk factors or atherosclerotic disease, especially those with higher serum cholesterol levels.
